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Abstract 
 
The intrapetrous portion of internal carotid artery (IPCA) is one of the most unexplored 
anatomical regions, and its three-dimensional reconstruction in living subjects is still 
missing. The present study aims at describing IPCA on 3D models extracted from head 
CT-scans.  
The intrapetrous carotid artery was manually segmented on head CT-scans of 100 healthy 
patients free from vascular and neurological pathologies (50 males and 50 females aged 
between 18 and 91 years). Angles of the posterior and anterior genu, diameter and length 
of the horizontal portion, and volume of the entire canal were calculated through VAM® 
software. Statistically significant differences according to sex and side were assessed 
through two-way ANOVA test (p<0.05). Correlation of each measurement with age was 
calculated as well. 
On average the angles of the posterior and anterior genu were 120.1±10.4° and 
118.0±10.0° in males, 119.5±9.2° and 117.6±10.3° in females, respectively, without 
statistically significant differences according to sex or side (p>0.05). Average length and 
diameter of the horizontal part were respectively 25.5±2.9 mm and 5.8±0.8 mm in males, 
24.0±2.3 mm and 5.3±0.8 mm in females. The volume of IPCA was 0.941±0.215 cm3 in 
males, and 0.752±0.159 cm3 in females. Length and diameter of horizontal portion, and 
volume of IPCA showed statistically significant differences according to sex (p<0.05). No 
correlation with age was found. 
This study first provided data concerning not only linear and angular measurements, but 
also volumes of IPCA, useful in planning surgical interventions of the cranial base. 
 
 
Keywords: anatomical variants, intrapetrous carotid artery (IPCA), radiology, CT-scan, 
3D segmentation 
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Introduction 
 
The internal carotid artery (ICA) is the main vascular structures supplying blood for the 
intracranial circulation, and is usually divided into an extracranial and an intracranial 
portion, being the latter one further classified into a petrous, cavernous and cerebral 
portion1,2. The petrous portion of ICA is usually divided into five parts, defined from caudal 
to cranial posterior vertical, posterior genu, horizontal, anterior genu and anterior vertical1. 
The petrous portion of ICA represents the most obscure and the least detailed, as it is not 
easily accessible to anatomical dissection3,4, although it is of crucial importance in clinics 
and surgery. In fact, the intrapetrous carotid artery (IPCA) may be invaded by tumors 
originating in the jugular foramen area such as schwannoma and chemodectoma, as well 
as chordoma, meningioma, neuroma, cholesteatoma and cholesterol granuloma5,6. 
Isolated ICA dissections in the intrapetrous portion are reported by literature, although 
rarely7, sometimes as complications of mycotic infections of the middle ear8. In all these 
cases the analysis of anatomical characteristics of IPCA is crucial for surgical procedures5. 
In addition, knowledge of IPCA position and relationships with surrounding anatomical 
structures is important for treating pathologies of the skull base, and minimizing the risk 
of vascular complications9.  
Finally, surgical exposure of the horizontal segment of IPCA is important for bypass 
procedures including cervical-to-petrous and the petrous-to-supraclinoid ICA bypass10, 
preliminary to the removal of tumors invading the petrous portion of ICA. 
Therefore, the exact metrical and morphological knowledge of IPCA may prevent its 
involuntary damage and is basilar for a good surgical exposure of structures of interest5. 
Very few studies have analysed size and shape of intrapetrous carotid artery so far: angles 
or knees of ICA are widely described by literature1,2, but very few articles have provided a 
quantification of different artery portions in the intracranial path11, mainly through 
anatomic dissections4,10. Other authors assessed the same parameters on CT-scans, 
usually providing general metrical indications potentially useful in surgery12,13.  
In addition, even fewer authors have analysed the possible relation of IPCA size with sex 
and age: an example is represented by the study by Takegoshi and Kikuchi who measured 
metrical characteristics of the horizontal part of the IPCA on CT-scans and verified 
statistically significant differences between males and females. In addition, according to 
their results, length seems to significantly decrease in males according to age6.   
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In the last years, the diffusion of 3D segmentation on CT-scan has allowed the 
researchers to obtain three-dimensional models of anatomical structures, with the chance 
of improving metrical assessment through the addition of novel measurements, such as 
volumes14. However, to the best of our knowledge, IPCA has not been adequately 
assessed through these innovative approaches. In fact, only one study has segmented 3D 
models of IPCA from CT-scans, focusing on the anatomic relationships and distance from 
surrounding structures. The same study analysed the length of the horizontal segment as 
well10. However, the previously cited study was limited to 29 patients, did not assess 
possibly statistically significant differences according to side or sex and did not consider 
angles and volume of IPCA, which has not yet been analysed by existing literature. 
This study aims at performing a three-dimensional study of the intrapetrous canal of the 
ICA on CT-scans through the segmentation of their 3D models. The results may improve 
the scanty information available in literature about this unexplored and sensitive region of 
the internal carotid artery.   
 
 
Materials and methods 
 
The study took into consideration 100 Caucasoid patients (50 males and 50 females), 
aged between 18 and 91 years (mean age: 46.3±17.9 years and 51.5±21.4 years for 
males and females, respectively) who had previously undergone a head CT-scan in a 
hospital of Northern Italy for reasons not related with the study. Clinical requests were 
most frequently related to screening for possible cranial fractures in trauma (57.3%), 
suspected sinusitis or nasal and paranasal symptoms (20.0%) or neurological symptoms 
(12.7%), without sex distinction. All CT-scans were performed through Somatom 
Definition Flash (Siemens, Forchheim, Germany); parameters of acquisition: kV:120, mAs: 
320, collimation: 40 x 0.6 mm, tube rotation: 1 sec; reconstruction thickness: 3 mm; 
reconstruction filters: H21s smooth for soft tissues and H60 sharp for bone tissue.  
All CT-scans were anonymized to meet the local and international ethical rules (Helsinki 
Declaration).  
The intrapetrous canal harbouring the ICA was manually segmented through ITK-SNAP 
free software14 (Fig. 1). The entire petrous path of the internal carotid artery was 
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segmented, including the posterior vertical portion from the carotic foramen, the posterior 
genu, the horizontal part, the anterior genu and the anterior vertical portion (Fig. 2).  
The 3D model of the intrapetrous carotid artery was exported in .stl file and further 
elaborated through VAM® software (Vectra Analysis Module, version 2.8.3, Canfield 
Scientific®, Inc.). Angles of the posterior and anterior genu were measured as the angles 
between the axes of the posterior vertical and the horizontal portion, and the horizontal 
and the anterior vertical portion respectively. The diameter of the horizontal portion was 
measured at the midpoint, whereas the maximum length was taken at the middle third of 
its height (Fig. 3). The same software automatically calculated the volume of the 
intrapetrous canal. Prevalence of bone wall dehiscence in the horizontal part was 
calculated on the entire sample. 
The entire procedure from segmentation to volume calculation was repeated in five cases 
by the same and another operator, for a total of ten 3D models of IPCA: possible intra- 
and inter-observer errors were assessed through calculation of absolute and relative 
technical errors of measurement (TEM and rTEM) for all the measurements14. 
Normal distribution and homoscedasticity of all the measurements were tested through 
Jarque-Bera test and Bartlett’s test, respectively (p<0.05). Both the tests were performed 
through Matlab® software. 
Statistically significant differences for five measurements (angle of the posterior and 
anterior genu, length and diameter of the horizontal portion, volume) according to sex and 
side were assessed through two-way ANOVA test (factors: sex, side, two levels for each; 
the sex x side interaction was calculated as well). A p value of 0.05 or less was considered 
as significant. In addition, correlation of each measurement with age was calculated as 
well. 
 
 
Results 
 
Intra- and inter-observer rTEMs for linear and angular measurements ranged between 
1.0% and 1.7%, and between 1.4% and 3.2%, respectively, 7.0% and 6.6% for volume 
(Table 1).  
All the measurements were normally distributed and homoscedastic (p>0.05). 
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Overall results are shown in Table 2. Posterior genu angle ranged between 95.0° and 
142.5° in males, between 93.8° and 139.6° in females; on the other side, the anterior 
genu was between 90.4° and 138.2° in males, and between 89.3° and 142.2° in females. 
Both the angles did not show any statistically significant difference according to side or 
sex (p>0.05). The sex x side interaction was negligible as well. 
Horizontal portion length ranged between 19.3 mm and 33.5 mm in males, and between 
17.2 mm and 29.3 mm in females, being on average 1.1 times longer in males than in 
females. The diameter was between 3.2 mm and 8.1 mm in males, and between 3.3 mm 
and 7.4 mm in females, with a male/female ratio of 1.1. The volume of IPCA ranged 
between 0.450 cm3 and 1.594 cm3 in males, and between 0.337 cm3 and 1.067 cm3 in 
females, with a male/female ratio of 1.25. The bone wall of the horizontal part was 
dehiscent in 29% of the population, and in detail in 15 males (bilaterally) and 14 females 
(12 bilaterally, two on the right side). 
Length and diameter of horizontal portion, and volume of IPCA showed statistically 
significant differences according to sex (p<0.05), but not to side, with negligible 
interaction (p>0.05).  
Correlation with age was low for all the measurements, ranging between -0.34 and 0.22 
(Table 3). 
 
 
Discussion 
 
Comparison with literature 
The intrapetrous portion of the internal carotid artery has gained a growing interest in 
surgery, not only because it may be involved in different pathologies 5-8, but also because 
it may be accidentally damaged during surgical procedures of the skull base9; in addition, 
it is often the target of pioneering bypass procedures used to handle vascular lesions and 
preliminary to the removal neoplasms infiltrating the petrous portion of the temporal 
bone10. Several authors have widely described the strict relationships with surrounding 
structures including the cochlea, the internal auditory canal and the bony labyrinth10,15,16, 
whereas very few studies have considered the metrical assessment of IPCA so far6. Most 
of literature have focused on the localization of IPCA according to reference points such as 
the foramen ovale, rotundum and spinosum10,17,18.   
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Less information is available on the size of intrapetrous canal and is mainly limited to 
length and diameter of the horizontal portion, assessed on cadavers and CT-scans. The 
length of the horizontal part of IPCA is reported between 14.5 mm and 25.1 mm in 
cadavers10,16,19, and between 20.7 mm and 30.4 mm on CT-scans6,20. These discordances 
may be justified by the different measurement protocols in the two cases, and in different 
assessment of anatomical limits of the horizontal part of IPCA21. On the other side, 
literature on cadavers and CT-scans agrees on diameters, that range between 4.0 and 8.0 
mm6,10,19. 
Very few indications are given by literature concerning sex and age differences of IPCA 
size: Takegoshi and Kikuchi first verified that the horizontal portion of IPCA is significantly 
longer in males than in females, and decreases with age but only in men6. 
Even less data are available for what concerns the angles of posterior and anterior genu: a 
recent study first found that both the angles were positively correlated to each other, and 
negatively correlated with the length of the horizontal portion of IPCA. On average, the 
posterior and anterior genu ranged between 31° and 110°, and between 68° and 124°, 
respectively22. 
In the last decades, the introduction of 3D segmentation methods has allowed the 
researchers to obtain three-dimensional models of different anatomical structures from 
CT-scan or NMR images23,24, thus simplifying conventional procedures so far limited to the 
application of silicone gel to dry skulls and its extraction after removal of the canal floor25. 
In addition, 3D models of IPCA enable a wider range of metrical measurement than 
previously assessed on cadavers and CT-scans, including not only linear distances and 
angles, but also volumes.  
The present data partially confirm the existing literature. In fact, length and diameter of 
the horizontal portion are similar to those reported on cadavers and CT-scans6,10,16,19,20; on 
the other hand, angles of the posterior and anterior genu are higher than the intervals 
reported by Vijaywargiya et al.22. However, the previous study was performed on 
embalmed cadavers, and the encountered discordances may be due to the elastic 
deformation of ICA during the measurement procedures. 
Another discordance encountered between the present data and previous reports by 
literature concerns the possible correlation of some measurements with age: in fact, 
Takegoshi et al. found that the horizontal part of the internal carotid artery was on 
average 0.8 mm wider in subjects over 60 years than in subjects aged 19 years or less, 
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but only in males6. This result was not confirmed by the present study: however, the 
statistically significant difference between the two age groups may be justified by the 
inclusion of children and adolescents (in fact, the age range of the sample by Takegoshi et 
al. was between 5 and 86 years). In addition, subjects over 60 years showed a shorter 
length of the horizontal portion than in the 20-39-year and 40-59-year groups, again only 
in male population6. This result was explained by the observation that arteries usually 
increase their diameter with age26,27. However, a correlation between diameter and age 
was not found in the present population: this discordance may be due to ethnic and 
geographical differences between the present Northern-Italian (including Caucasoid 
subjects) and the Japanese group, which is worth being analysed in depth. On the 
contrary, the present study suggests that IPCA size seems to be independent from age, 
possibly because of the restraint function of the bone walls of the intrapetrous canal. 
However, more studies are needed to verify the real interaction between age and IPCA 
measurements, as well as possible influencing factors. Bone dehiscence of the horizontal 
part was found in 29% of subjects: this result is of particular importance, as very few 
indications are available in literature concerning the prevalence of this anatomical variant. 
An example is given by Spiessberger et al. who studied IPCA in cadavers and found bone 
dehiscence in two bodies out of four28. 
 
Practical applications and clinical cases 
At our knowledge, the present study first assessed volume of IPCA in a CT-scans 
population through 3D segmentation techniques. Results showed that volume is sexually 
dimorphic, being about 25% higher in males than in females. In addition, the volumetric 
intervals of IPCA are first described, which may be useful in surgical context; in detail, our 
results suggest once more that the surgical planning of the petrous portion of temporal 
bone or the cranial base should vary according to sex, as all the measurements show 
differences between males and females, but for the angles of posterior and anterior genu.  
Moreover, the present study highlights that there is no difference according to side, for 
any measurement: this conclusion confirms data from existing literature reporting a high 
symmetry of ICA and generally of circle of Willis29,30. Asymmetry of internal carotid artery 
are usually caused by high-grade cervical stenosis31, or anatomical alterations of the 
anterior portion of the circle of Willis, including the unilateral absence or hypoplasia of 
anterior cerebral artery at A1 segment, which is usually linked to an ipsilateral decrease in 
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ICA size32. In addition, volume of IPCA is symmetrical as well, without distinction between 
the right and the left side.  
The aim of the present anatomical study is to investigate morphological and metrical 
characteristics of the IPCA focusing on general characteristics of sexual dimorphism and 
symmetry. Although this structure can be easily analysed within the patient for planning of 
surgical interventions, the present results provide standard metrical indications concerning 
the normal size of IPCA, which may be useful for assessing possible asymmetry or 
anomalous morphology due to pathological conditions. An example is shown in Fig. 4 and 
concerns a patient affected by Kawasaki syndrome with an asymmetry of IPCA whose 
diameter is more than one third higher on the left side than the right side.  
In addition, anatomical data concerning morphology of IPCA are of special importance in 
planning surgical interventions of cerebral high-flow bypass, using saphenous vein or 
radial artery grafts. This type of procedure is usually preliminary to the treatment of 
aneurysms, and is performed also before the removal skull base tumors infiltrating ICA, to 
facilitate the maximum safe resection of neoplasms preserving distal blood flow28. An 
example is shown in Fig. 5, reporting a case of infiltration of the left IPCA by metastases 
of a liver primitive neoplasm. In this case, data concerning general shape of IPCA and 
volume are therefore useful for planning of surgical procedures, which will be further 
improved by specific parameters found in the patient. 
Another relevant information regards the distribution of bone wall dehiscence in the 
horizontal portion: because of this anatomical variant IPCA is exposed into the middle 
cranial fossa, and is covered only by dura mater and connective tissue33. The dehiscence 
of the bony canal in the horizontal part of IPCA can facilitate bypass procedures, lowering 
the surgical morbidity28; however, the prevalence of this variant is still unknown, and has 
been explored so far only on small samples of cadavers28. The present study report that 
this favourable variant for surgical procedures is common in general population, and 
provides an additional help for the anatomical description of IPCA. 
 
Conclusions 
In conclusion, the present study first describes the results of metrical assessment of 3D 
segmented models of IPCA: results may contribute to light up this sensitive and still 
incompletely known anatomical structure. 
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Legends to figures 
 
Fig. 1: example of 3D segmentation of IPCA canals through ITK-SNAP software: 
visualization in the three axes and reconstruction of the segmented model 
Fig. 2: 3D model of right IPCA; a) posterior vertical portion; b) posterior genu; c) 
horizontal portion; d) anterior genu; e) anterior vertical portion 
Fig. 3: linear and angular measurements assessed on 3D models of IPCA: α) posterior 
genu angle; β) anterior genu angle; a) diameter of the horizontal portion at the midpoint; 
b) length of the horizontal portion 
Fig. 4: 30 years old female patient affected by Kawasaki syndrome, showing the 
asymmetry of the horizontal part of IPCA 
Fig. 5: 80 years old male patient affected by primitive liver cancer and a large metastatic 
area infiltrating the left IPCA (indicated by the black arrow) 
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 Intra-observer error Inter-observer error 
TEM rTEM TEM rTEM 
Posterior genu angle 2.1° 1.7% 3.4° 2.8% 
Horizontal portion length 0.3 mm 1.2% 0.5 mm 2.1% 
Horizontal portion diameter 0.1 mm 1.0% 0.1 mm 1.4% 
Anterior genu angle 1.9° 1.6% 3.8° 3.2% 
Volume 0.049 cm3 7.0% 0.034 cm3 6.6% 
Table 1: technical error measurement (TEM) and relative technical error of measurement 
(rTEM) of intra- and inter-observer error for all the measurements 
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Males Females Total Two-way ANOVA test 
Right Left Right Left Males Females 
Sex Side Interaction 
F P F P F P 
Posterior genu 
angle (°) 
Mean 119.5 120.8 120.4 118.6 120.1 119.5 
0.17 0.6806 0.04 0.8417 1.26 0.263 
SD 9.1 11.6 9.3 9.1 10.4 9.2 
HP length 
(mm)* 
Mean 25.3 25.7 24.0 24.0 25.5 24.0 
15.42 <0.01 0.17 0.6806 0.2 0.6552 
SD 2.7 3.2 2.2 2.5 2.9 2.3 
HP diameter 
(mm)* 
Mean 5.8 5.9 5.3 5.3 5.8 5.3 
21.52 <0.01 0.49 0.4848 0.1 0.7522 
SD 0.7 0.9 0.8 0.9 0.8 0.8 
Anterior genu 
angle (°) 
Mean 116.7 119.3 118.0 117.3 118.0 117.6 
0.06 0.8068 0.39 0.533 1.28 0.2593 
SD 10.8 9.0 9.0 11.5 10.0 10.3 
Volume (cm3)* 
Mean 0.935 0.946 0.750 0.754 0.941 0.752 
49.07 <0.01 0 1 0 1 
SD 0.192 0.237 0.154 0.166 0.215 0.159 
Table 2: descriptive statistics and results of two-way ANOVA test for all the 
measurements: HP: horizontal portion; *: statistically significant differences according to 
sex (p<0.05) 
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 Males Females 
 Right Left Right Left 
Posterior genu angle (°) 0.10 0.00 -0.07 0.14 
HP length (mm) -0.01 0.10 -0.24 -0.34 
HP diameter (mm) 0.01 -0.06 0.05 0.22 
Anterior genu angle (°) -0.01 -0.10 -0.19 -0.14 
Volume (cm3) 0.12 0.17 -0.02 0.16 
Table 3: correlation index for all the measurements divided according to side and sex 
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• The present study aims at describing IPCA on 3D models extracted from 100 CT-
scans 
• The volume of IPCA was 0.941±0.215 cm3 in males, and 0.752±0.159 cm3 in 
females 
• Length and diameter of horizontal portion, and volume were sexually dimorphic  
• This study first provided data concerning distances, angles and volumes of IPCA 
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ICA: internal carotid artery 
IPCA: intrapetrous carotid artery 
TEM: technical error of measurement 
rTEM: relative technical error of measurement 
 
 
